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METHOD FOR THE SIZING OF A DETERMINISTIC TYPE PACKET-SWITCHING 

TRANSMISSION NETWORK 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to deterministic type packet-switching 
transmission networks. 

A packet-switching transmission network enables the exchange of data in the 
form of packets between different geographically dispersed entities. Its value lies in the 
fact that it reduces the number of physical transmission links needed to convey 
information by enabling the time-sharing of one or more physical links by several 
information flows on certain portions of their paths. 

A packet-switching transmission network consists of a set of interconnection 
nodes joined by transmission links that may or may not be wired. These nodes 
constitute a meshing of the space in which the entities that have to communicate are 
distributed. 

A packet takes the form of a bit stream whose constitution complies with a 
strict organization, defined by a network, having different parts or fields. Some of these 
parts or fields are reserved for service information needed to convey the packet, for 
example the identities of the sender entity and the addressee entity. Other parts or 
fields are reserved for the data to be transmitted. 

A packet is introduced into the transmission network at one of its 
interconnection nodes directly linked with the sender entity or by means of a physical 
transmission link such as a cable or other type of link. It travels up to the first 
interconnection node through the physical link connecting this first node to the sender 
entity. Once it reaches this first interconnection node, it is rerouted to another physical 
transmission link. This other physical transmission link makes this packet move forward 
gradually within the transmission network toward the addressee entity and enables it to 
reach either the addressee entity or another connection node of the network closer to 
the addressee identity. This other node, in turn, reroutes it to another physical 
transmission link, and so on and so forth. In actual fact, the packet, in its journey up to 
the addressee entity, follows a path that is called a virtual path because it does not take 
concrete form except for the time during which the packet is being transmitted. This 
virtual path follows a variably lengthy chain of physical transmission links joined at their 
ends by interconnection nodes. Each interconnection node, at its level, routes the 
packets that reach it between the different physical transmission links that are directly 



connected to it. This routing is done by means of the service information contained in 
the packets. A very widespread example of packet-switching networks is that of 
switched Ethernet networks. 

In a packet-switching transmission network, the activity of the interconnection 
nodes is highly variable and depends on the routing of the packets. Thus, at certain 
points in time, there may be interconnection nodes that are close to saturation or even 
saturated, prompting the loss of packets, while the other interconnection nodes will be 
under-exploited. This has led to the real-time monitoring of the activities of the different 
connection nodes and to the adoption of various procedures for the local rerouting of the 
packets so as to better distribute the tasks between the different interconnection nodes. 
The price paid for this local rerouting is that the virtual path followed by a packet from its 
sender entity to its addressee entity is no longer fully defined in advance. This makes 
transmission less reliable. Above all, it adds a random factor to the time taken for a 
piece of information to travel through the network. In a certain number of situations, 
where the reliability of the transmission and the information transit time are critically 
important data, as in the case of the transmission network connecting the different items 
of equipment of an aircraft, this local rerouting is avoided, and each connection node 
contains a table that strictly defines the output port to be taken by a packet as a function 
of its input port and of the sender address and the addressee address. The packet- 
switching transmission network is then called a "deterministic" network because the 
virtual paths that may be taken by the packets are fixed and, in order to be modified, 
require reprogramming of the interconnection nodes and because the time taken to 
cross each interconnection node is limited. 
2. Description of the Prior Art 

However, it is not enough for the packet-switching transmission network to be 
deterministic in order to ensure its reliability. This network should also be sized in such 
a way that it is adapted to the flow of information to be transmitted, i.e. in such a way 
that there is no possibility of its being congested at its interconnection nodes. 
An interconnection node may be symbolized by a device having: 

a bank of input ports Ej, with I ranging from 1 to n, a bank of 
output ports, Sj, with j ranging from 1 to n, 

a bank of multiplexers Pj, one per output port Sj, each multiplexer 
Pj being assigned to a determined output port Sj and connecting, 
to its assigned output port Sj, all the input port's Ej that could be 
connected to it, 



a bank of FIFO (First In First Out) type memories Fj, interposed 
between the outputs of the multiplexers and the output port Sj to 
manage the queues directly leading to the output ports and to 
regularize the bit rates of the packets on the physical 
transmission links connected to the output port Sj, and 
one or more routing automatons providing for the control of the 
multiplexer or different multiplexers as a function of the service 
information contained in the packets. 
This representation of an interconnection node is designed solely for easier 
understanding. It does not prejudge the real architecture in which there may be only 
one central multiplexer that routes the flows arriving from the input ports to the 
appropriate output ports. 

The problem of the congestion of an interconnection node brings us to that of 
the management of the queues, namely the occupancy rates and the risks of overflow of 
the FIFO memories positioned directly on output ports of the interconnection node. The 
transmission network must be sized so that the FIFO memories of its different 
interconnection nodes cannot overflow and so that they have uniform capacities and 
filling rates, the time taken to route a packet to an interconnection node consisting 
essentially of its time of stay in the queue of the output port that it takes. 

The sizing of a deterministic type of packet-switching transmission network is 
done by a process of rough trimming and revision. The operation starts from a network 
topology assumed to be adapted to the geographical position of the pieces of equipment 
to be connected and to the size of the information flows to be exchanged. This network 
topology consists of the definition of virtual paths VC for conveying the different 
information flows, and of the meshing of interconnection nodes connected to one 
another and to the items of equipment by physical connection links that carry these 
virtual paths. It is ascertained then that the number, capacities and arrangements of the 
interconnection nodes and of the physical transmission links connecting the 
interconnection nodes to one another and to the sender and addressee entities enable 
problem-free passage along all the planned virtual paths. The topology of the network is 
revised so long as this verification does not give satisfactory results. 

The packets of an information flow: coming from one and the same sender 
entity and occupying one and the same virtual path EC originally occupy periodic time 
windows that are highly spaced out with respect to the transmission capacities of the 
physical links used by a network. However, as soon as they pass through a first 



interconnection node, they enter into competition with packets belonging to other 
information flows following other virtual paths and may therefore be forced to wait in 
queues at the output port that they have to take. Such a passage through a queue 
disturbs the regularity of the initial bit rate of the packets. This disturbance or jitter 
increases with the connection nodes crossed and may ultimately give rise to packet 
aggregates and bursts along the virtual paths. These packet aggregates, when they go 
through a connection node, cause a temporary increase in the activity of this connection 
node. This temporary increase in activity is absorbed by the queues and gives rise to 
fresh delays and a possible increase in the aggregates. This phenomenon of 
aggregates must be taken into account when counting the virtual paths and determining 
the capacities of the FIFO memories of the interconnection nodes for it affects the 
maximum transmission time for a virtual path and the filling of the queues in the 
interconnection nodes. 

SUMMARY OF THE INVENTION 

The present invention is aimed at providing a method for the sizing of a 
deterministic type of packet-switching transmission network taking account of the 
phenomenon of the aggregation of packets during their progress in the network along a 
virtual path. 

An object of the invention is a method for the sizing of a deterministic type of 
packet-switching transmission network serving items of equipment to be interconnected 
and comprising interconnection nodes connected to one another and to the items of 
equipment by physical connecting links, this method consisting in setting up a list of the 
information flows to be conveyed between the different pieces of equipment connected 
by the network, proposing a network topology assumed to be adapted to the 
geographical layout of the items of equipment to be connected by the network and to the 
size of the information flows to be exchanged between the items of equipment, said 
network topology consisting of the definition of the virtual paths for the transportation of 
the different information flows and of a meshing of interconnection nodes connected to 
one another and to the items of equipment by physical connection links that carry these 
virtual paths, estimating, at each connection node, the maximum delays introduced into 
the transmissions of the packets by jitter phenomena prompted by themselves and by 
the connection nodes already crossed by the packets, ascertaining that these maximum 
delays are compatible with the delays imposed and revising the topology of the network 
so long as this compatibility is not obtained, 
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wherein, in a network where the packets all have the same speed of transportation V on 
the physical connection links, the estimation of the maximum delays introduced by the 
jitter phenomenon into the transmission of the packets on the different virtual paths is 
based on the determining of the jitter component AJ«,, added by an interconnection node 
5 K to one of its output ports Sj linked by means of a buffer memory, receiving a queue, 
and of a multiplexing device, with N flows coming from the input ports Ej, this 
determination of the component of the jitter AJ«, being done when each packet of a 
virtual path VCj entering the buffer memory by an input port Ej has, between an 
aggregate of packets and the following packet or aggregate of packets, a minimum time 
10 interval sufficient to empty the buffer memory after reception of an aggregate of packets 
and before reception of the packet following the aggregate by the implementation of the 
following relationship: 

3 f.B.-Supfa} 

V3 AT - ±1 - i ! 



5jJ V being the speed of transportation on the physical connection link connected to the 
g output port Sj and Q being the maximum quantity of bits of the queue estimated from the 
J ! relationship : 

M ;=i 

Ji! N being the number of packet liable to converge on the output port considered, namely 
!„, the number of flows crossing the interconnection node and converging on the output 
20 port Sj considered, assuming that a packet flow is associated with a virtual path VCi, Bj 
being the maximum size in bits of an aggregate of packets likely to reach a VCi by an 
input port Ej, it being also possible to express this maximum size by the relationship: 

B, =M,xq Bm 

Mi being the maximum number of packets in an aggregate of packets capable of arriving 
25 at the virtual path VCj through an input port Ej and q max being the maximum number of 
bits of a packet. 

Advantageously, the maximum size Bj in bits of an aggregate of packets likely 
to arrive at a virtual path VCj by an input port Ej of an interconnection node of the 
network is taken to be equal to the size of the greatest aggregate of packets B K that 

30 may arise on this virtual path VCi that takes the input port Ej of the connection node K 
considered: 



B, = Sup fa 
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The size of the biggest aggregate of packets B yCtt that may arise on a virtual 

path VCi that takes the input port Ej of the connection node K considered being obtained 
from the system of relationships: 
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K herein being the number of connection nodes crossed by a virtual path considered 
and the index k identifying the connection nodes crossed by a virtual path considered in 
the order in which they are crossed by the packets, the different jitter components AJ ( , k 
being determined from one to the next in travelling through the different virtual paths 
from their original points to their end points. 

Advantageously, once the jitter components added by the different 
interconnection nodes at their different output ports have been determined, it is verified, 
on each virtual path VC„ that the minimum time intervals AT|, K between the biggest 
aggregate of packets and the next packet that reaches the different interconnection 
nodes at the earliest, obtained by the relationship: 



ATi,k =Ti -Remainder 
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are sufficient to prevent any problem of congestion of the queues caused by bursts 
excessively close to each other, i.e. they meet either the inequality: 

AT>(M- i)1 



V 

M being a positive integer representing the number of packets of the second burst at 
most equal to the number of virtual paths taking the output port of the interconnection 
node considered, chosen as a function of the degree of security required for the 
transmission, 

or the inequality for a virtual path VC k : 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention shall appear from the following 
description of an embodiment given by way of an example. This description is made 
* 5 with reference to be appended drawings, wherein: 

Figure 1 shows an exemplary topology of a packet-switching 
transmission network; 

Figure 2 is a schematic view of an interconnection node of the 
above transmission network seen from one of its output ports, 

10 - Figure 3 illustrates the phenomenon of congestion that may occur 
c I at the confluence of two regular packet flows and that warrants 
|5 the presence of a queue upline from an output port of an 

interconnection node. 

Figure 4 illustrates the same phenomenon of congestion as figure 
P 3 but is extended to the confluence of N flows comprising packet 

O aggregates, 

!,„, - Figure 5 illustrates the need for a minimum time interval between 

|l tw0 packet bursts on N. flows arriving at a confluence on one and 

the same output port to prevent a possibility of overflow of the 

11 queue regulating the output port, 

^ - Figure 6 shows the origin of the jitter phenomenon affecting a 

regular flow of packets when it makes a confluence with two other 
regular flows of packets, 

Figure 7 shows the phenomenon of packet aggregation that can 
25 0CCL| r along a virtual path owing to the jitter introduced during the 

crossing of the interconnection nodes of a transmission network 
placed on this virtual path, and 

Figure 8 is a flow chart illustrating the main steps of a process of 
network sizing according to the invention. 
30 MORE DETAILED DESCRIPTION 

Figure 1 shows various sets of equipment 10 to 18 that communicate with 
one another by means of a packet-switching transmission network 20. The sets of 
equipment 10 to 18 are unequal in size and are geographically dispersed over a 
zone covered by the packet-switching transmission network 20 which is 
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schematically represented by a mesh of interconnection nodes represented by 
circles and physical interconnection links represented by straight-line segments 
joining the interconnection nodes to one another. Each piece of equipment 
represented by a rectangle is connected to the packet-switching transmission node, 
"5 at one or more interconnection nodes placed in the vicinity, by one or more physical 

interconnection links. 

The packets are sent in the network by the sender periodically. Each packet is 
inserted into a time window and two successive packets occupy two successive 
windows. Each packet complies with a certain formalism or protocol that depends on 
10 the transmission network. As a general rule, it is structured into bit fields. Some of 
these bit fields are reserved for the service information needed for the transportation of 
Q this packet such as, for example, the identities of the sender entity and the addressee 
^ entity. Other fields are reserved for the data to be transmitted. When starting out from a 
5l piece of equipment, the packets occupy regularly spaced-out time windows on the 
1§P physical interconnection link that leads them to a first interconnection node of the 
network. Each packet, when it reaches this first interconnection node, is subjected to a 
routing that consists of an analysis of its service information fields to determine the 
J\ output port by which the packet must leave the node. Each packet is then directed 
llj towards the queue of the output port concerned. The queue is indispensable because a 
2§| ! packet may be in a state of contention, namely a state of competition, at the output port, 
with other packets coming from other input ports of the connection node. The memory 
H made in FIFO form can be used to store these packets pending their turn to be sent. 
After a certain waiting period that depends on the size of the queue at the time of its 
passage, the packet is sent on the physical interconnection link that takes it to the 
25 addressee equipment either directly or by means of other interconnection nodes and 
other physical interconnection links. 

Figure 2 models an interconnection node seen from one of its output ports Sj. 
The figure shows, upline from the output port Sj, a FIFO (First In First Out) type memory 
30, supplied with packets by a multiplexer 31 connected to the various input ports E1, E 2 , 
30 Ei, E N from which the packets could be directed to the output Sj. The multiplexer 31 is 
controlled by a routing automaton 32 that captures the packets coming to the input ports 
of the interconnection node, analyses their service information fields and determines the 
output port by which they must leave the interconnection node. 

The presence of the queue upline from each output port of an interconnection 
35 node raises the problem of its management, namely the constraints to be placed on the 
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traffic supplying this queue, so that it remains limited and the estimation of its maximum 
size when these constraints are met. Indeed, an overflow of a queue may give rise to a 
loss of packets while the maximum size of a queue determines the maximum delay that 
a packet may undergo when it travels through the output port associated with the queue. 
" 5 To appreciate the properties of a queue placed in an interconnection node upline 

from an output port, we take first of all the favorable situation of an output port of a first- 
level interconnection node that receives two regular flows of packets reaching two 
distinct input ports. The term "regular" means that these two packet flows have not 
previously crossed any other interconnection node where they could have passed 
10 through a queue. Consequently, they are not yet affected by jitter, their packets 

succeeding one another at regular rates. 
ri Let us take, as shown in figure 3, two regular flows i1 and i2 that arrive with a 

\Q speed V and a periodicity Tn for the flow i1 and J i2 for the flow i2 at two ports Em and Ej2 
of a first-level connection node and are then directed to the same output port Sj. The 
If packets of the flow i1 consist of qn bits and the packets of the flow i2 consist of q i2 bits.. 
JU Two cases may occur at the output Sj of the interconnection node: 
: - - either the incoming packet of the flow i1 and the incoming packet 

f of the flow i2 occupy non-overlapping time windows, the size of 

Jp the window being equal at this level to the duration of the packet 

20 since the packet has undergone no jitter. In this case, they are 

said to be non-competing and are directed to the common output 
p : port without undergoing any delay. The packets 40 and 50 are 

an example of non-competing packets, 

or the incoming packet of the flow i1 and the incoming packet of 
25 the flow i2 occupy time windows that overlap on at least one bit. 

They are then said to be in competition. The packet that is 
second in time must wait for the end of processing of the first 
packet in a queue before it can be directed to the output port. 
The packets 41 and 51 are an example of packets in contention 
30 or competition. 

Let us take two non-competing packets, one received first by the interconnection 
node on the data of reception Tn and the other received second on the date of reception 
T\2, the property of non-competition being expressed by the following condition: 

f /2 Sf /i + T- 
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qn being the size in bits of a packet of the flow M, in fact the size of the packet 
received first, 

while the phenomenon of contention is expressed by the condition: 

i2 il v 

5 When two packets are in contention, the second is delayed for the time needed to 

process the first one and goes to the output immediately after the first one without 
leaving any time window free between the two. The second packet, with the first, then 
forms an aggregate of two packets. The packet aggregation phenomenon increases 
from interconnection node to interconnection node on the path of an information flow. 
10 Thus, when a packet flow reaches the input of an interconnection node of a level below 
O the first level, it may contain varyingly sized aggregates of several packets resulting from 
ifl the routings undergone by the packets in these interconnection nodes encountered 
vJ upline. These aggregates disturb the bit rates of the packet flows by adding jitter to 

them and causing sudden increases in activity at the interconnection nodes. 
P To appreciate this phenomenon, we shall assume a situation closer to reality, as 

IJ illustrated in figure 4. We shall assume an output port of a lower-level interconnection 
node receiving a burst of N aggregates of contending packets coming from N distinct 
I'll packet flows reaching the interconnection node at the same transmission speed V by N 
Tfj distinct inputs. These N packet aggregates must wait in a queue, upline from the output 
W port, in order to be sent, each in its turn, on the physical interconnection link connected 
to the output port. 
Assuming: 

that the maximum size, in numbers of bits, of an authorized 
packet in the network is q max , 
25 - that the maximum size of an aggregate, in numbers of packets, 

coming from the ith flow is Mj so that the maximum size in bits Bj 
of an aggregate coming from an ith flow is equal to: 

that the set of flows reaches the queue at the apparent speed 
30 NV, and 

that the queue empties at the speed V, 
the maximum quantity Q of bits liable to wait in the queue is at most: 

0 = (1) 

Sup{B,} being the size in bits of the biggest aggregate among these N input flows, 
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i.e. the sum of the bits of all the aggregates minus the bits of the biggest aggregate, 
which may be any one of them. If all the aggregates have the same size B, the 
maximum quantity of bits that could wait in the queue is equal to: 

q = (n-\)b 

From the maximum quantity of bits liable to wait in the queue, we deduce the 
maximum period that may be introduced into the transmission of the packets by the 
crossing of the interconnection node considered; this maximum period corresponds to 
the increase in jitter AJ given by the interconnection node to the flows of packets: 



EB,-Sup{B,} 

A/ = £ = i=! (2) 

V V K ' 

In order that this maximum quantity of bits liable to wait in a queue is not 
exceeded, the queue should have the time, between two bursts, to empty itself 
sufficiently to receive the bits of the bursts to come. This time corresponds to a 
minimum time AT between two bursts. If we consider only one flow, the minimum time 
AT required between a first aggregate B, and a second aggregate Bj.' must meet the 
following condition: 

^fr (3) 

In the more general case illustrated in figure 5, where a burst of N aggregates Bj' 
arriving simultaneously on N flows follows a burst of N. aggregates Bi that have already 
simultaneously reached N flows, the minimum time AT between the two bursts must 
meet the condition: 

N 

AT> !=1 



V 

On the strength of these considerations relating to the crossing of an 
interconnection node by packet flows, we shall now go on to the virtual paths, namely 
the routes effectively taken in the transmission network by the different information flows 
exchanged between the pieces of equipment connected to the transmission network. In 
the case of a deterministic type of packet-switching transmission network, these virtual 
paths are invariant, with all the packets of one and the same flow undergoing the same 
routing through the interconnection nodes of the network. The maximum time for the 
reception, by an addressee piece of equipment, of a message sent through the 
transmission network by a sender piece of equipment may then be assessed from the 



maximum time for the transmission of the packets on the virtual paths that connect them 
through the network.. 

The starting assumption is that the traffic of a virtual path VC is always regulated 
at its source so that there is a minimum time T between two of its successive packets. 
As can be seen in figure 6, the crossing of the first interconnection node by the packets 
following a virtual path VCi is expressed by the appearance of jitter due to the 
phenomenon of contention at this interconnection node with packets following other 
virtual paths that take the same output port. As a result of this phenomenon of 
contention, a packet following a virtual path VC may find itself at the output of an 
interconnection node within an aggregate of packets following other virtual paths and at 
any position within this aggregate. The possibility of aggregation at the crossing of a 
first-level interconnection node makes the width of the time window, in which a packet 
may be placed, go from the maximum width of a packet at the outset of the virtual path 
VC to the width of the biggest possible aggregate and introduces a phenomenon of jitter 
since the length of the packet does not vary but its position is shifted from its 
transmission window by an unforeseeable delay for which only the upper limit is known. 
This jitter corresponds to the maximum delay that the packet may undergo when 
crossing the interconnection node since it can cross it without any delay if the conditions 
are favorable to it or with the maximum delay if the conditions are particularly 
unfavorable to it. In the example of figure 6, the position of the window of a packet 
which was certain before the first level interconnection node and corresponded to the 
transmission window becomes uncertain after the interconnection node. The 
uncertainty covers the duration of three packets. 

The jitter undergone by the packets following a determined virtual path increases 
as and when the interconnection nodes are crossed. More specifically, the jitter J, « 
affecting a packet flow following a virtual path VCi at the output of the Kth 
interconnection node encountered is equal to the sum of the jitter components provided 
by all the interconnection nodes crossed: 

J ix='Z^ 1 . P (4) 

the jitter components provided by the different crossed connection nodes being 
determined from the relationship (2). 

When the jitter affecting the packets of one and the same information flow, 
namely the packets following one and the same virtual paths VC, approach or go 
beyond the minimum period Ei between the sending of two successive packets, an 
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aggregation phenomenon may occur at the virtual path itself. Indeed, if the order of the 
packets following a virtual path cannot be modified since the packets follow one another 
on one and the same route within the transmission network which is a deterministic type 
of network, the packets cross one and the same interconnection node at different points 
- 5 in time with variable transit times depending on the occupation, at the time of their 
passage, of the queue of the output port that they take. Thus, after a packet that has 
taken a great deal of time to cross an interconnection node, the following packet of the 
same virtual path may take less time and so on and so forth. The result of this will be an 
aggregate of packets on the virtual path if the jitter affecting the virtual path at output is 
10 in the range of or is greater than the minimum period between two successive packets 
at transmission. Figure 7 illustrates an example of an aggregation of packets that may 
Q occur in a virtual path having jitter at output that is slightly greater than twice the time 
*f <: interval T| between two successive packets when they are introduced into the virtual 
_; ; path. A first packet 60 undergoes a particularly lengthy processing time that is 
Sfc practically equal to the jitter because it crosses the interconnection nodes taken by the 
n virtual paths at points in time when the queues are particularly loaded, and has a delay 
that is practically equal to twice the time interval T\ between itself and the sending of the 
J , other packets. The packet that follows it catches up with it because it encounters more 
§y favorable conditions of transportation but it cannot overtake it so that it again undergoes 
pf) a delay approximately equivalent to the time interval T while the following packet 62 
again encounters favorable transportation conditions and is practically no longer blocked 
H by the packets that precede it on the virtual paths. The result is that, at the arrival point 
of the virtual path, there are time intervals that are empty whereas they should contain 
a packet and other time intervals that contain aggregates of packets whereas they 
25 should contain only one packet at a time. 

More specifically, the maximum size of an aggregate B VCit that might come to a 

virtual path VCi taking the input port Ej of a Kth connection node K crossed by the virtual 
paths VCj is related to the sum of the jitter components AJi,k that have accumulated on 
this virtual path VCj at the passage of the interconnection nodes encountered before this 
30 Kth interconnection node and to the minimum time interval Tl between the packets when 
they are introduced into the virtual paths by the system of relationships: 
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and the minimum time interval between such an aggregate and the next packet on the 
virtual paths VQ, again at the input port Ej of the Kth interconnection node crossed, has 
the following value: 

fK-\ \ 

(6) at the input of the node k, 



A7i=Ti -Remainder jSi 



Ti 



V 



3 it being known that an aggregate can occur only when the next packet has not been 
delayed in the queues that it has crossed. This packet is said to be in conformity if the 
distance between it and the aggregate is > AT, . 

10 The maximum size Q of a queue upline from an output port Sj of an 

? . interconnection node k, in the presence of a single burst of packets or aggregate of 

|t= packets obtained previously (relationship (1)) can also be expressed as a function of the 

O flows taking the N virtual paths VQ passing through the output port Sj considered: 



45 Q=YMzx aggregate sizera -Sup {Max aggregat e size max vc, } 

The condition of equilibrium (relationship (3)), guaranteeing that this maximum 
size is not exceeded in the presence solely of the traffic of a virtual path VC,, dictates the 
minimum time interval AT between two bursts: 

A7^>^ 
' V 

20 Now, owing to the relationship (6), this verifies the following condition: 

AT >Tt— Remainder 
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So that the condition of equilibrium in the presence of a single virtual path 
becomes: 
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Since, furthermore, we have seen that the minimum time interval AT, between two 
packets or aggregates of a virtual path VCi can occur only between an aggregate 
followed by an isolated packet, we have: 

B\ = <7 max 

Ultimately, the condition of equilibrium in the case of a single virtual path is 
written as follows: 
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J When there are several virtual paths, the minimum time interval to be complied 

|o with to prevent the maximum size Q max of a queue from being exceeded must take 
U account of the interactions of the traffic of all the virtual paths going through the queue. 
t In the most unfavorable case, where the contention is the maximum, all the virtual paths 

having maximum-sized aggregates of packets at the same time, the second burst will 
* consist of isolated packets which do not always present themselves at the same time. It 
15 is therefore assumed that, at the end of the first burst, the queue reaches its maximum 
J capacity and that, during the second burst, it receives N isolated packets or packets in 
f conformity, of which only M are under constraint, i.e. they receive at least one bit. Thus, 

it can be ensured that the queue will not exceed its maximum capacity if the first packet 

of the second burst arrives at the end of a period of time AT, after the first burst, 
20 sufficient for the queue to empty itself of M-1 packets. This amounts to assuming the 

following condition: 

AT>(M- 1)-^- (8) 

which is also expressed from the date t e of reception of the end of the first burst and the 
date t s of reception of the start of the second burst in the queue: 
25 AT = t s -t e >{M-\)^ 

Now, if we take the time reference to be the instant of the start of reception of the 
first burst in the queue, we have: 
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Sup^Max aggregate sizeFC/ } 

te= !^ 



V 

And 

t s = min {/ y 



(tj being the instant of arrival in the queue of the jth contending packet of the 
second burst with reference to be instant of arrival of the first burst in the queue) 
so that the condition of equilibrium is written also as follows: 



min 



St/p fa/lax aggregate sizera } 
jfj} m >{M-\f£ 



\<J<M V ^ J V 

% This condition of equilibrium is expressed, for any one virtual path k of the virtual 

. 10 paths taking the queue, by the following condition on its minimum time interval AJ K 
■d\ , X/I Supertax aggregate sizera} A , 

ffi ATk>(M-lf~A y Max aggregate size vc* ^ 

U, The relationships that have just been established are used to size a deterministic 

Ci type of packet-switching transmission network so that it meets the specific constraints of 
|1, latency or time of transportation and of regularity of transportation or jitter imposed on 
115 the information flows that travel through its virtual paths. 

5 Tne sizir >9 of a deterministic type packet-switching transmission network is done 

I by successive refining operations. First, an initial network topology is proposed. This 
initial network topology is a set of fixed virtual paths interconnecting the pieces of 
equipment to be linked and a meshing of interconnection nodes and physical connection 

20 links between interconnection nodes and between interconnection node and pieces of 
equipment that carry the virtual paths, appearing to be capable of adapting to the 
geographical layout of the equipment to be connected and having adequate 
performance for the quantities of information to be exchanged between the pieces of 
equipment. It is then ascertained that the proposed topology supports the different 

25 types of traffic expected with regard to the physical connection links, for which the bit 
rates must be sufficient to ensure the flow of local traffic using them, as well as with 
regard to the interconnection nodes for which the occupation of the queues must enable 
compliance with the constraints dictated by the equipment on the times and regularities 
of transportation of the information flows. So long as this verification does not provide 

30 conclusive answers, the proposed topology is revised at the virtual paths (their numbers 
and configuration) as well as at the interconnection nodes (number and capacity in 
terms of input and output ports) and the physical connection links (the number and bit 
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rates) in seeking a certain degree of homogeneity between the different interconnection 

nodes and the different physical connection links. 

The main difficulty lies in the step for verifying the proper matching of the 

proposed topology to the various constraints imposed. To successfully carry out this 
*5 verification, it is proposed to perform an incremental determination, in descending along 

the virtual paths, of the jitter components added by the different interconnection nodes at 

their different output ports. This is done, first of all, by avoiding the problem of the 

possibility of queue congestion caused by successive bursts of packets excessively 

close to each other and then by verifying, at each virtual path, that such a problem does 
10 not arise. The knowledge of the jitter components added by the different interconnection 

nodes at their output ports makes it easy to determine the total jitter affecting each 
q virtual path of the transmission network to find out if it is low enough to enable 

compliance with constraints on the time periods and regularity of transmission dictated 

by the equipment put into communication, 
tt Indeed, the jitter component at one of the output ports Sj of an interconnection 

rj node K may be determined by means of the relationship (2) from the maximum quantity 
O Q of bits that can be placed in the queue of this output port and the transmission speed 
* , V. of the physical connection links starting from this output port: 

r« n zb,-su P {b,} 

o ej K ,=Z- = & 

M; 1' V 

20 The transmission speed V. of the physical connection links starting from the 

? " output port is a piece of data derived from the characteristics of the physical link. The 
maximum quantity Q of bits of the queue may be determined by means of the 
relationship (1) as a function of the maximum sizes in bits of the aggregates of 
packets converging on the output port considered Sj.' 

25 Q = Y J B l -Sv P {B, 

i=i 

N being the number of packet flows liable to converge on the output port considered, 
namely the number of virtual paths reaching the interconnection node and converging 
on the output port Sj considered, 

The maximum size in bits Bj of an aggregate of packets can also be expressed by 
30 the relationship: 

Mj being the maximum number of packets in an aggregate of packets and q max being the 
maximum number of bits of a packet. It is a piece of data at this incrementing level 
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since it concerns the input ports of the interconnection nodes and therefore either output 

ports of interconnection nodes located upline on virtual paths that have undergone 

previous incrementing steps or output ports of the pieces of equipment. 

More specifically, the maximum size Bi in bits of an aggregate of packets likely to 

occur on a virtual path VCi in an interconnection node K of the network is taken to be 
equal to the size of the greatest aggregate of packets B VCi k likely to arise at the 

interconnection node K to converge on its output port Sj on the virtual paths VCj taking 

an input node of the connection node K considered: 

B, = Sup\B yCii 

the size of the biggest aggregate of packets B VCji likely to occur on the virtual paths VC, 

taking an input port of the connection node K considered being obtained from the 
system of relationships (5): 

( K-l \ 



jBrut=l+integer part 



Bvcut —2 



k=l 



k=l 



V 



forTi-^^AJi^T, 



K herein being the number of interconnection nodes crossed by a virtual path 
considered before arriving at the output port considered of the interconnection node 
studied and the index k identifying the connection nodes crossed upline by a virtual path 
considered in the order in which they are crossed by the packets. 

It will be noted that the above system of relationships uses only jitter components 
AJ),k relating to output ports of the interconnection nodes placed upline on the virtual 
paths considered and therefore determined during previous incrementing steps. 

Once the jitter components added by the different interconnection nodes at their 
different output ports have been determined, it is verified, on each virtual path VCi, that 
the minimum time intervals AT| ik between the greatest aggregate and the next packet 
which is the earliest to reach the various interconnected nodes encountered, obtained 
by the relationship (6): 



ATi,k=7/ -Remainder - Ld 



Ti 



Bvct.k.j 



V 



are sufficient to prevent any problem of congestion of the queues caused by excessively 
close bursts, namely that they satisfy either the inequality (8): 
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AT>(M- 1)-^ 

M being a positive integer at most equal to the number of virtual paths taking the node 
output port considered, chosen as a function of the degree of security required for 

< transmission, 

* 5 or the inequality (9): 

StipiMax aggregate sizero } , , 
A7I^(Af l )^ i ^' <fJ Max aggregate sizevc* 

Once these conditions are met, the estimations of the different jitter components 
are accepted, and they are used to determine the jitter affecting each virtual path and 
verify that it is compatible with the constraints of latency and regularity imposed on the 
10 different information flows exchanged between the pieces of equipment. The conditions 
and constraints that are not met bring the proposed topology into question, and this 
proposed topology is modified until they are met. 
CO Figure 8 is a flow chart illustrating the main steps of the method for sizing a 

J": packet-switched transmission network implementing the above method for the 
Q5 verification of conformity. This flow chart starts with two separate tasks, one task 70 
? proposing a deterministic type of packet-switching transmission network topology taking 
I y account of the geographical location of the pieces of equipment to be connected and the 
0 size of the flows of information to be exchanged between them, while the other task 71 
; ; is an inventory task, listing the constraints of latency and regularity of traffic that must be 
|20 complied with by the information flows exchanged between pieces of equipment through 
the network. The task 70 for proposing a network topology makes a proposal, in the 
form of the data table 72, for a deterministic network plan with fixed virtual paths, at least 
one per information flow, and a meshing of interconnection nodes connected to one 
another and to the pieces of equipment by physical connection links on which the 
25 different virtual paths are plotted in a fixed manner. The inventory task 71 makes a list, 
in the form of the data table 73, of the constraints of latency and traffic to be complied 
with by the different information flows, hence by the different virtual paths conveying 
these flows. The two data tables 72 and 73 pertaining to the topology proposed for the 
network and to the transmission constraints associated with the different information 
30 flows to be transmitted are then used in a task 74 for verifying the matching of the 
topology proposed with the different constraints. This task 74, according to the method 
just described, incrementally determines the jitter components provided by the 
interconnection nodes at their different output ports. From these jitter components, it 
deduces the jitter affecting the different virtual paths proposed. It verifies that the 
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minimum time intervals ATi.k between two packets or aggregates of packets on each 
virtual path and at the various interconnection nodes encountered are sufficient so that 
the determining of jitter amplitudes will not be brought into question. The task 74 
generates a list, in form of a data table 75, of virtual paths that pose a problem either 
'5 because they do not comply with the minimum time intervals between packets or 
aggregates of successive packets or because they are affected by jitter that is far too 
great to comply with the latency times or the constraints of regularity imposed on the 
information flows that they conveying, with a list of the interconnection node output ports 
at which these problems have been detected for the first time in the course of each of 
10 the virtual paths. This table 75, with its list of problem-causing virtual paths and output 
ports of the interconnection nodes at which the problems detected on the virtual paths 
appear, is then used by a network topology modifying task 76. This task 76 proposes a 
J new routing of the problem-causing virtual paths without modifying the meshing of the 
\0 interconnection nodes and the physical connection links when these problems can be 
15 resolved by a redistribution of the resources of the network between the different virtual 
ft! paths or by modifying the meshing of the network by adding new physical links between 
the interconnection nodes, increasing the number of input or output ports of certain 
s interconnection nodes or even by adding new interconnection nodes. This task 76 
delivers a new proposal of topology for the network which takes the place of the 
2p|: preceding one in the data table 72. This table 72 in turn is subjected to the verification 
: task 74. This is done until the data table 75 listing the problem-causing virtual paths is 
empty. 



